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Abstract 
This thesis presents the results of a feasibility investigation conducted for the UQ Composites 
Group within the University of Queensland into the possibility of humans “flying like a bird”. 
An in-depth research project spanning for the duration of two academic semesters, has 
assisted in determining whether with the use of current technology, humans would be capable 
of building and operating a propulsion system which would generate the lift and thrust needed 
to fly. This report presents the final conclusions of the project which has aimed to analyse bird 
flight and investigate composite materials to be used in a wing structure able to support the 
body of an average human.  
The background information related to this project has been introduced in the form of a 
literature review. The specific sections within this review consider various types of birds and 
the pertinent relationships linking physical characteristics to wingspan, wing area and power 
requirements. Furthermore, an analysis has been conducted into different flight regimes, 
power generation methods and composite materials in order to thoroughly assess all critical 
aspects attaining to the flight of a human bird.  
Discussed within this report is the “human birds” final physical characteristics along with the 
research methodology conducted to reach these values. Similarly, using relevant prior art, the 
overall energy needed to fly has been presented along with a short analysis of possible power 
generation equipment capable of meeting these output targets. This research, along with the 
composite material investigation has enabled a mathematically supported conclusion to be 
reached as well as achieving specified aims identified in the following report.  
Ideally, the flight of the human bird is like that of an albatross; gliding with low frequency 
wing beats and low overall energy expenditure. The “Human Bird” will weigh 120kg, 
comprised of human weight, 6kg of motor and just over 30kg of skeletal structural carbon 
fibre epoxy resin elements. Each wing has total wingspan of 13.25m and area of 10.7m
2
. In
taking the worst-case scenario results in order to implement a safety factor, the wing suit will 
require 6 Watts/Kilogram to power its gliding flight regime. This will be provided by the 
combination of a DB-4000-B-1ES motor attached to the wing suit and a C12-75DA Century 
AGM Deep Cycle Battery tethered to the suit from a supported fixed point. This data factors 
in a number of constraints and assumptions established in the initial stages, to ensure the 
project did not deviate from the main goal, potentially resulting incomplete or inadequate 
conclusions.  
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Finally, through the use of bulk figures, broad assumptions and after considering the final 
specifications, conducted research and presented data, it can be concluded that the possibility 
of a “Human Bird” may be achievable in our lifetime and with correct computational 
modelling and testing, could be a feasible project for fabrication in the next five to ten years.  
Additionally, there is potential for this data to be replicated, expanded and published in the 
near future due to the lack of knowledge in the public domain regarding this topic. An 
example journal article has been presented alongside an in-depth risk assessment, Gantt chart 
and work breakdown structure to assist in replication projects.  
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Chapter 1 
 Introduction to Research 
As humans, we constantly strive to better the technology we encounter on a daily basis. 
Whether this be attending meetings in holographic form, being able to turn the oven on whilst 
200km away from home or simply finding the answer to any question by prefacing it with the 
term “Okay Google”; our lives are becoming more convenient and our curiosity for what 
comes next is growing every day. In the scientific and technological space, the possibilities 
are expanding and our ideas of what is realistic is ever evolving; and the concept of “flying” is 
no exception.  
1903 saw the birth of modern aviation, with the Wright Brothers first flight. From here, our 
interest grew rapidly and some short 66 years later, we put man on the moon.  Air travel has 
been a hot research topic since well before the Wright Brothers, and we are now aiming to 
construct planes that are lighter, smaller, safer and more luxurious.  However, despite 
improvements to almost all aeronautical and aerospace fields, no advancements have been 
made in the area of man-powered flight, also known as “bird flight”.  
Codex on the Flight of Birds-1505 [1] was written by Leonardo da Vinci in 1505 and consists 
of over 500 sketches and 35000 words dealing with flying machines, the nature of air and the 
flight of birds. Despite his in-depth research and efforts, he obviously failed to ever achieve 
self-powered human flight.  
In 500 years since da Vinci concocted his idea to have man fly like a bird; planes, para-
gliders, hand-gliders and rockets are the closest things we have managed to achieve. Currently 
no enhancements have been made in terms of human wings or self-propelled flapping devices, 
inching us no closer to achieving bird flight. However, this does not mean that it is 
impossible.  
As was mentioned previously, it was only 66 years between man being able to glide off the 
ground for a short period of time to walking on the moon. This evolution shows just how fast 
technology improves and poses a strong argument that one day soon, man may be able to 
achieve “bird flight”.  
Currently the major limitations holding back the advancement to bird flight are; 
 The need for ultra-light wings with a large span to support the body of an average
human.
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 The need for self-powered propulsion systems able to generate the lift and thrust
needed to counteract the weight and drag created by a human. This propulsion system
must generate sufficient wing motion and have a viable power-to-weight ratio. Finally;
 Determining the type of flight, which will define the style of the wings, their varying
thickness, overall span and weight. This means, there may be some types of flight, like
gliding flight, speed flight or diving flight which are unachievable with current
technology.
1.2 Research Motivation and Context 
Stemming from the above mentioned concerns, the motivation driving this project is to 
attempt to overcome these barriers, assess the feasibility of achieving self-powered human 
flight and ideally give an answer to the scientific community and the world. The major 
incentive behind overcoming these limitations is the possibility of more advanced material 
research opportunities in order to utilise lightweight composite materials as the main 
structural component for the “bird suit”. Dr. Luigi Vandi and a team of researchers at the 
Centre for Advanced Materials Processing and Manufacturing within The University of 
Queensland are constantly looking at how to make materials lighter, perform better and 
achieve highly desirable mechanical properties. 
By creating a self-powered, lightweight, flying mechanism, there is the possibility to one day 
allow humans to fly like birds. Currently, there exists little to no knowledge in the public 
domain regarding human bird flight and hence, conducting a feasibility study, understanding 
the market of materials becoming available and testing results; this Thesis may deliver a 
highly interesting and innovative answer to the posed question “Can Humans Fly?”.  
1.3 Project Outcomes and Aims 
A dynamic Thesis Proposal presented at the beginning of the project, and updated 
periodically as issues or new information was brought forward, identified the aims and 
outcomes that would be achieved through the execution of a successful and thorough research 
project. These aims are to be achieved through in-depth research into the major factors 
allowing flight to occur, regular progress meeting with Thesis stakeholders and the adherence 
to a specific organizational schedule seen in Appendix C.  
As previously mentioned, this work is intended to study the feasibility of achieving self-
powered flight, which has not previously been studied. To realise the deliverable, the aim is 
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divided into the following 5 objectives. The relative success of the research work in achieving 
these is discussed in Chapter 8, Conclusions and Recommendations.   
1. Assess the flight of birds and establish which type of flight is most feasible for
humans.
2. Compare humans and birds’ physical characteristics and determine whether with
modifications, humans will ever fly like birds.
3. Obtain a better understanding of the current technology and material advancements
being made in the aeronautical industry.
4. Better appreciate novel materials and propulsion technology in terms of what has been
achieved so far with current flight technology.
5. Establish improvements or technological advances needed to be made to generate self-
powered flight.
1.4 Project Scope and Assumptions 
The research project has been scoped to provide an extensive investigation into the feasibility 
of achieving human bird flight. The following list indicates the research work which falls 
within the scope of the project and also any assumptions made which deem a particular 
element of work outside of such scope. 
1.4.1 In Scope 
 Establish the flight regime in which the Human Bird will operate under.
 Provide specifications as to the wingspan, wing area and overall weight of the
“Human Bird” including all power generating equipment and pilot.
 Determine the Battery and Motor combination used to provide the flapping motion of
the wings.
 Choose a suitable material to be the major skeletal structural component of the wing
suit as well as providing a sail-material to span over the skeleton structure.
 Discuss and analyse the feasibility of achieving “Human Bird” flight in the future
based on the presented research.
1.4.2 Out of Scope and Assumptions 
 The “Human Bird” is not required to take off: Like a Hang-glider configuration, a
ledge or cliff will be used as a means of getting to an initial altitude for flight.
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 The “Human Bird” will glide with minimal or low amplitude stroked flapping as to
conserve energy and reduce the power required for flight.
 Small Birds such as humming birds are considered out of scope: These birds beat their
wings at such a high frequency, the power required to generate similar flight would be
in the order of 10 times what is required for purely gliding flight.
 Flightless Birds (Emus, Cassowaries, and Ostriches) have been neglected despite their
similarity in size because the aim of this research topic is to create a “Human Bird”
capable of flying.
 Propulsion and Lift power will be provided by a motor connected to the wing structure
and a battery tethered from a distance to the structure.
 Once calculations have been performed, the worst-case scenario is taken in order to
apply a safety margin.
 There are no defined limits on the range achieved, endurance or weight of the structure
apart from that which is logically appropriate.
 No jet propulsion systems are used to keep the “Human Bird” in the air.
 Wings are to be made of a lightweight composite Carbon Epoxy based material.
 A linear relationship between wing-span and weight and wing-area and weight is
assumed.
 The Power Expenditure (W/kg) is assumed to be consistent for all gliding birds.
1.5 Intended Thesis Contribution 
This body of work is intended to fill the hole in existing knowledge, whereby, the ability to 
fly like birds has been out of reach. An understanding of this topic has a number of important 
implications. Not only can it be used to influence the way humans look at air travel and the 
aeronautical industry alike, it will also provide an improvement opportunity for material 
researchers to come up with lighter materials, mirroring those properties exhibited by bird 
wings and bones. That is, the results may be used to establish a focus on better understanding 
of the way materials and construction of flying objects, whether they be natural or man-made, 
work. Specific elements of the avian characteristics, power requirements and energy 
expenditure to be investigated, including any experimental data and techniques which are 
found, are presented with justification throughout this Thesis.   
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1.6 Thesis Structure 
This thesis contains eight detailed chapters ranging from the above introduction and 
background information required to understand the basis of the project aims through to the 
feasibility and conclusions which outline the results of the project. Additionally, a feasibility 
report and recommendations for Further Research, Improvements and Publication have been 
included. The chapters are as follows.  
Chapter 1: Introduction- Prefaces the projects topic, aims, assumptions and desired outcomes. 
This sections also introduces the main motivation that underlies the project as well as any 
expected contributions. 
Chapter 2: Literature Review- This section provides an overview of the relevant literature 
associated with the project. Fundamental concepts such as avian flight characteristics and 
energy consumptions have been further are defined in order to enable the document to be 
accessible by unfamiliar readers. Existing research into innovative aerospace projects is also 
presented.  
Chapter 3: Bird Flight Mechanisms- An analysis into the characteristics of birds which have 
allowed them to evolve into flying creatures. This includes research into their body 
composition, mathematical relationships and a summary of the findings.  
Chapter 4: Avian Gliding Power Requirements- Using numerical tools and prior research, this 
section focuses on looking at the amount of power gliding birds exert during their 
predominate flight regime. Assuming a constant expenditure, graphical means have been 
employed and a summary of the data found is presented.  
Chapter 5: Electrical and Motor Systems- Due to the fact the flapping motion of the wing 
structure is battery powered, this section details the decision process followed to find a 
suitable motor and battery combination.  
Chapter 6: Lightweight Materials: Due to the size and nature of the wing suit, this section 
analyses the predominate fabric which the internals of the wing suit would be constructed of, 
if the idea passed conception phase. In particular, composite materials based around a Carbon 
Epoxy skeleton have been investigated.  
Chapter 7: Research Methodology- Chapter seven provides a concluding overview of the 
undertaken research methodology. The purpose of this section is to justify all project 
decisions, assumptions and final specifications. It also allows all research findings to be 
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reproducible and understood. The entire methodology from conception to possible future 
research or publication is specified.  
Chapter 8: Conclusions and Recommendations- Here research aims and objectives are 
revisited to assesses to what extent they were accomplished. A summary of project 
limitations, and therefore recommendations for future work, and possible publication 
opportunities have also been discussed.  
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Chapter 2 
Literature Review 
2.1 Active Research 
With the aim of understanding the physics behind avian flight, many companies and 
researchers alike are attempting to re-create bird flight. With a final goal in mind to 
understanding flight, these innovators are breaking down the minor details of flight in order to 
achieve the main characteristics of bird motion. This includes analysing take-off, sustained 
flight and landing, combined with manoeuvrability, lift generation and overcoming drag, 
without additional drives or power sources. Once the mechanics pertaining to basic bird flight 
are understood, these relationships could possibly be applied to other species, and self-
powered flight may become viable.  
Festo is the first company to successfully, mechanically model bird flight. Festo Corporate’s 
SmartBird [2] was inspired by the herring gull and is able to achieve the above goals of 
unassisted take-off, flight and landing unassisted. This ultralight mechanical flying bird 
generates lift, propulsion and agile motion through the aerodynamic wing systems. Utilising 
an active articulated torsional drive, the wings not only beat up and down, but also twist in a 
specific manor to change the wing angle of attack, similar to the motion achieved by a real 
bird.  
Although not producing physical prototypes, research is being conducted by professors at the 
University of Montana and the University of Portland in order to update existing 
mathematical theory pertaining to bird flight. [3] Through the incorporation of newly 
generated empirical observations of bird flight patterns, theories and models are being 
hypothesised and tested specifically related to the Kinematics and Aerodynamics of bird 
strokes. In particular, the research aims to generate a mathematical relationship for the power 
required to lift a bird’s weight. 
In terms of getting humans in the air without being inside an aircraft, technology has given us 
para-gliders, hand gliders and even hot air balloons. Despite their ability to simulate a flying 
experience, the speed element achieved by birds has not yet been incorporated. The Jetman 
Dubai [4] project launched by Emirates has created personal aircraft suits, allowing humans to 
fly at speeds of up to 170 knots. Although this is not considered “self-powered flight”, the 
intention is similar. These suits weigh in at 150kg and are powered by a JetCat P400 engine 
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similar to that of a GP 7200 A380 engine, achieving 88 pounds/each of thrust in a single flight 
mission. The aeronautical industry is ever evolving and the success of the Jetman suits project 
demonstrates the possibilities being investigated in terms of human flight.  
The above mentioned active research shows that positive steps have and are being taken in 
terms of understanding the mechanics behind bird flight research and getting to a stage of 
self-propelled human flight. Despite these findings, minimal research is being conducted in 
terms of finding ways to transfer this information directly to a “human bird”. There appears to 
be several common issues arising, which have stunted the progress of self-powered flight for 
over 500 years since da Vinci’s Codex on the Flight of Birds [1] was proposed.  Despite 
aeronautical improvements, gaps arise in the areas of mathematical relationships between 
birds' physical characteristics, their flight characteristics and the overall energy 
consumed by birds during flight, leading to minimal advancements in the area of self-
powered or “human bird” flight. These particular topics will be explored in further detail in 
the following sections.  
2.2 Avian Power Review 
The overall energy generated by a bird during flight is a hot research topic and has recently 
gained momentum in terms of measuring muscular, metabolic, aerodynamic and overall 
power used during flight. [5] Researchers have presented numerous articles analysing the 
power usage of birds during flight, suggesting that a U-Shaped curve relationship describes 
how mechanical power output varies with flight speed, morphology and flight style. [6] 
Additionally, these articles suggest that intermittent flight (gliding flight) appears to reduce 
the overall energy expenditure, as the species exhibiting the flap–glide flight regime tend to 
travel at lower speeds hence have lower energy requirements, than those with flap–bound, fast 
speed flight. [7] Multiple approaches have been tested in order to validate the U-shaped 
Power Curve and more specifically, measure the overall energy expenditure of different avian 
species.  
One approach to measuring the overall energy consumption of avian flight is to analyse the 
physical relationship between the speed of travel and the power generated by the major flight 
muscles; otherwise known as the pectorals. Precise measurements of the flight muscle power 
output is obviously difficult to obtain and current research approaches are dependent on 
indirect measurements of muscle movement, theoretical mathematics and broad assumptions 
[8].  
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Aerodynamic Theory research presents the major relationships used in calculating the 
mechanical power estimates. The underpinning mathematics illustrated in this theory is 
derived from either measurements of avian flight metabolic rates and, or the resulting bone 
strain as an index of muscle force. Once the calculations have been executed utilising data 
collected from experimental testing, power–speed relationship graphs are produced which 
typically vary both qualitatively and quantitatively. Consequently, despite multiple 
experiments aiming to validate the above mentioned Aerodynamic Theory mathematics, the 
shape of the avian flight power–speed relationship remains controversial; however generally a 
U-Shaped resultant curve is agreed upon [9].
Understanding how the relationships between metabolic and mechanical power requirements 
of bird flight change as a function of speed is critical. This step not only assists avian 
researchers in determining the features upon which natural selection and morphology may 
have acted to reduce the energy required for flight, but also shows how energy is spent in 
different flight regimes. Metabolic Power is defined as a direct measure of the required 
amount of energy, per unit of time, to reconstitute the actual consumed oxygen utilised in 
achieving the work performance [10]. In this regard, avian metabolic power is a measure of 
the energy used by the flight muscles, specifically the pectorals, in order to produce the 
required amount of oxygen needed to power the heart for a given time period. Similarly, 
mechanical power in regards to bird flight is considered as a measure of the force produced by 
the rate of motion of flight muscles, again, focusing on the pectorals. Both different quantities 
of power, with differing values, however measured in the same units of watts/kilogram.   
 Existing empirical measurements of avian power requirements describe one of the two 
relationships with respect to flight speed. Typically, the first specific group of birds require 
high power outputs to fly at fast and slow flight speeds but are more economical at 
intermediate speeds, such as magpies and cockatiels. The relationship exhibited by this 
particular groups flight requirements result in a U-shaped power curve.  
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Figure 1: Published values of the metabolic and mechanical power curves of bird flight 
[11] 
The second group of birds, have power requirements, independent of speed, typically due to 
their size, such as a hummingbird. This particular flight regime doesn’t deliver a consistent 
power curve, making analysis of such flight difficult.  [11] Unlike this group, all other 
airborne objects, such as planes, bats, kites and the initial described group of birds, exhibit 
only U-shaped power curves. [12].  
Research is currently being conducted to analyse whether some species of birds have 
developed mechanisms to reduce the energetic requirements of flight. This would result in a 
flatter power curve and researcher Matthew W. Bundle addresses this question, as to whether 
the differing flight regimes of specific birds, has assisted them in reducing their overall energy 
expenditure. Specifically, the muscle function of budgerigars, cockatiels, magpies, kestrels 
and albatross during flight have been analysed in order to examine the differences in muscle 
function implied by their varying power curves (Figure 1). Avian analysis in a variable speed 
wind tunnel obtained data for the overall energy liberation and muscle function expended 
during each specific bird’s flight. This research returned metabolic and mechanical power 
curves with dependant empirical relationships, despite different musculature use and varying 
functional lift strategies used to supply this power for each species. [13]  
From data presented in Figure 1 and similar experiments, avian researchers analysing multiple 
bird species have come to an agreed power consumption relationship based on the volume of 
oxygen consumption during flight in litres per second (VO2) and overall weight. [14] 
𝑉𝑂2 (
𝐿
𝑠
) ∗ 𝐽𝑖𝑛1𝐿𝑂𝑥𝑦𝑔𝑒𝑛(𝐴𝑠𝑠𝑢𝑚𝑒 = 20112𝐽) = 𝐸𝑛𝑒𝑟𝑔𝑦𝐸𝑥𝑝(𝑊)
Equation 1: Published values of the Energy Expenditure  based on Oxygen Consumption 
[14]
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Where VO2 (Litres/second) is the volume of consumed oxygen during flight and Energy Exp. 
is the power required in Watts to fly whilst consuming the stated volume of oxygen. 
Rearranging Equation 1, the following relationship is obtained;  
𝐸𝑛𝑒𝑟𝑔𝑦𝐸𝑥𝑝(𝑊)
𝐴𝑣𝑖𝑎𝑛𝑊𝑒𝑖𝑔ℎ𝑡(𝑘𝑔)
= 𝑂𝑣𝑒𝑟𝑎𝑙𝑙𝑃𝑜𝑤𝑒𝑟𝑢𝑠𝑎𝑔𝑒𝑓𝑜𝑟𝐺𝑙𝑖𝑑𝑖𝑛𝑔𝐹𝑙𝑖𝑔ℎ𝑡(
𝑊
𝑘𝑔
) 
Equation 2: Published values for the overall power usage  for gliding flight of birds 
[14] 
The measurements of metabolic rate which these empirical relations are based on arise from 
flight analysis of a subject animal flying whilst wearing a mask. This allows expended oxygen 
or the ‘expired gases’ to be measured and compared to the flight patterns and relationships 
obtained. This particular analysis required the mask, being worn by the test subject, to be 
tethered by a tube to a vacuum source in order for the oxygen consumption and carbon 
dioxide expenditure fractions to be analysed. Estimates of the analysed species power 
consumption needed to overcome the added mass and drag of the mask range added an 
additional 2 to 21% of the total measured metabolic power, depending on the experimental 
conditions and flight [15].  This added requirement of the mask on the flight of the birds has 
been accounted for, taking into account that wearing this mask is not natural for these birds, 
possibly inducing a state of stress and increasing the metabolic power required to fly. For this 
reason, a 15% error margin has been applied to the above equations due to the fact the mask is 
likely to reduce the range of flight speeds available to unencumbered birds. [16] 
Essentially, it is vital to test and understand the metabolic costs in terms of oxygen 
consumption and carbon dioxide emissions of intermittent flight birds in order to understand 
why some birds use flight regimes incorporating intermittent bounds during slow 
flight.[16] Accounting for the above mentioned parameters which would alter the natural 
flight of the analysed birds, the methodological requirements on a measured power curve and 
obtaining relationships from this data is likely to be twofold. Firstly, it is assumed the mask 
increases the power required to fly at a given speed, and secondly, accepting there will be a 
reduction in the overall range of flight speeds available to the bird due to the mask.  [17] 
Equation 1 and 2 are most likely to be effected by the reduction in the range of flight speeds 
as this would be the major contributing parameter which is attributed to the data returning flat 
metabolic power curves. The metabolic rate-weight relationships are predicted to produce a 
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curve with a shallow minimum purely due to the uncertainly that arises from the two above 
mentioned parameters. [18]  
Other experimental measurements of the mechanical power required to fly do not require 
birds to wear a mask and can be obtained from analysing the power generated in a single wing 
beat. Such measurements have been conducted specifically for the magpie and albatross, 
returning more accurate data for the overall energy expended during flight.  
Each bird has had a wide range of speeds and flight regimes analysed, returning two distinctly 
different power curves for the mean body mass specific power and the mass-specific 
metabolic power. Specifically, the albatross and magpie were chosen for the research 
continuation as these were the only two species whose flight accurately demonstrated the U-
shaped power curve predicted by aerodynamic theory.  Figure 2 and 3 depict the experimental 
results of Magpie flight analysis in both Mean- Body Mass Specific Power (Watts/kilogram) 
and Mass Specific Metabolic Power (Watts/kg body mass). The metabolic measurements are 
of the order of one magnitude higher as the results have not been normalised by weight, rather 
normalised by oxygen consumption per kilogram of weight. 
Figure 2 (a): Mean Body Mass-Specific Power Requirements  for the Black-Billed 
Magpie [19] 
Figure 3(b): Mass-Specific Metabolic Power Requirement Curves [19]  
Analysis of the gliding flight regimes of these two birds returns different power requirements 
for the overall energy consumed during glide. As the magpie is predominantly a speed flight 
bird, the wing span to body mass ratio is not ideal for gliding flight, and required power 
returns a value of 6W/kg. [19]  
On the other hand, the wandering albatross has the longest wingspan of all the avian species. 
Albatrosses use their formidable wingspans to ride the ocean winds and can glide for hours 
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without rest or even a flap of their wings. Therefore, their wing span to body mass ratio is 
ideal for gliding flight, using only about 4.66 W/kg to glide. [20]  
The analysis of these two birds has been done using the single wing beat approach, however 
when Equation 1 and 2 are applied based on the VO2 consumption of these birds, an error 
margin of about 3W/kg is evident on either side. Due to the lack of reliable data using the 
wing-beat method, most power requirements have been based on the oxygen consumption 
method. In order to increase the reliability of this method, it would be ideal to cross correlate 
both data measurements. Although both methods are appropriate for use in analysing the 
power required for avian flight, this report will mainly utilise the oxygen consumption 
approach with the application of a safety margin.  
2.3 Flight Mechanism Review 
The second topic which is essential to understand in order to accurately model bird flight, is 
to understand how the physical characteristics of birds assist in take-off, sustained flight, 
landing, manoeuvrability, lift generation and overcoming drag. Evolution from flying 
creatures in the Jurassic Era to modern day birds show that physical and morphological 
changes have occurred to enhanced flight. In order for a species to fly, the bird must be 
lightweight and be able to produce lift from their wings. In relation to these two specific 
criterion, evolution has given birds very lightweight hollow bones and strong breast muscles, 
allowing them to flap their wings, provide thrust and move through the air to fly. [21]  
One example of an evolutionary characteristic which assists in flight generation is the basal 
body temperature. A birds’ basal body temperature is higher than that of humans or other non-
flying mammals, enabling the cells in their muscles to work two times faster and relax more 
rapidly. The higher body temperature is enabled through the insulating properties of feathers, 
and in some species, a layer of fat. Despite the raised heating capacity, their respiratory and 
circulatory systems are highly effective and keep the tissues within their body rich with 
oxygen and nutrients. This high metabolic rate allows flight to occur for long periods without 
causing exhaustion or creating the need for consistent breaks. [22] As the flight being 
generated in this project does not require any metabolic input, this factor is not considered 
useful to model for the “Human Bird”.  
The wings of birds however are the most important factor in achieving flight and modelling 
their motion and characteristics is imperative. Birds flap their wings and contract large 
pectoral muscles connected to the breastbone in order to provide the power to fly. As 
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mentioned above, different types of birds operate within different flight regimes depending on 
their evolutionary requirements and physical abilities. [23] Birds of prey for example, use air 
currents to soar and glide, yet are still able to perform high velocity dives. Hummingbirds on 
the other hand, will flap continuously to hover while feeding and large sea birds typically 
have bodies designed for long range and high endurance gliding flight.  Other birds, such as 
the emu and ostrich have evolved into flightless birds in the absence of natural predators or in 
the case of penguins, to enable them to swim. [24]  
In order to generate the lift and overcome the drag needed for flight, air must move over and 
under the wings whilst the wings are in motion. This is also known as thrust. Thrust is created 
when birds flap their wings using their strong breast muscles and is the major factor in 
creating enough lift to fly. So the shape of the wing, wing-area, wing span, body weight and 
the overall ability for the bird to propel through the air are thought to be the major factors 
needing consideration for designing flight systems [25]. The overall shape of the wing, 
considering the above factors, wing curvature and flight angle of attack create aerofoils, 
splitting the air and allowing it to flow both above and below the wing. The air moves faster 
over the top of the wing and slower under the wing keeping the pressure on the top of the 
wing less than the pressure generated underneath the wing; essentially generating lift. This 
force is essentially what keeps birds up in the air and what aerospace designers base their 
calculations on, in order to create other flying objects [26].  
The frequency and angle at which wing flapping occurs is also an important parameter in 
achieving bird flight. As was mentioned above, thrust is generated by this muscular based 
phenomenon and allows birds to achieve forward motion [27].  Essentially it is the driving 
force to get the air moving around the wings, create aerofoils and finally generate the lift 
needed to fly [28].  
2.4 Power Generation Review 
For the most, E- power is a concept well utilised however a mystery as to the working and 
micromechanics behind it. Creating electrical power with the use of a battery and motor 
package can be a very clean and quiet power source, with the added advantage that when well 
matched, these elements can be effectively used in many applications.  
Efficient and useful power generation and consumption begins with the selection of the 
motor. All performance aspects come from this source, hence it dictates the size of battery 
required and amount of power that can be exerted throughout a running cycle. For most 
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applications, a brushless DC motor is chosen due to their reliability, high power density 
output and ability to achieve quick accelerations from stop. The brushless motor is comprised 
of a stator, having an electromagnetic coil and position sensor; an axis fixed to the stator; and 
a rotor with a permanent magnet. This rotor rotates around the fixed axis and is linked to a 
drive member, essentially driven by the motion of the brushless motor. [29] 
Further breaking down the micromechanics behind a brushless motor, it is imperative to 
firstly assess the makeup of the base composition; the stator and rotor. The stator comprises 
two end covers and bearings which are respectively arranged at the outer side of each end 
cover; the rotor comprises a rotating shaft which passes through the bearings; and the rotating 
shaft is supported by end bearings. The brushless motor is small in volume and easy to 
assemble. When the brushless motor is connected with a gear box, a connecting shell of the 
gear box can be located by the axial ends of the bearings, so that the gear box and the 
brushless motor are maintained to have the same location reference. [30] 
Basic designs have now been further optimised to minimise the required power input, whilst 
still achieving maximum efficiency. Through the application of high energy rare earth metal 
magnets and dense slot fills, these systems are able to produce high output power from a high 
performance, high volume, lightweight system.  
Brushless motors are often implemented in aerospace applications due to their superior anti-
impact properties, ease of assembly and the lightweight nature of the system. In particular 
DB-DC Brushless motors are utilised as they not only provide the above mentioned benefits, 
but also contain speed and rotational control systems, gimbals for inertial navigation systems, 
stabilised gun and fire control systems, operation abilities over a wide range of speeds and 
quiet running.  Even without the use of specially designed brushes, these machines are able to 
operate and are not life limited by the commuter life.  
These systems are very similar to the basic brushless DC motors, containing a base-fixed 
stator which acts as the non-rotating component with a connected bearing used for holding a 
rotating shaft. This bearing has specially designed housing, in which the bearing is placed 
standing relative to the stator base. Inside sits a thrust plate which holds one end of the 
rotating shaft in the thrust direction and a metal thrust cover used to fix the position of the 
thrust plate. An annular section metal installation member is superimposed over the base of 
the bearing housing consisting of a projecting pin section which overhangs the annular section 
towards the outer periphery of the thrust cover. This projecting section of the installation 
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member pin is welded to the thrust cover giving the motor its excellent impact resistance and 
compact design. [31] 
As was stated above, the choice of motor dictates the choice of battery. Brushless DB-DC 
motors have an average continuous required pull of 20 amps at maximum power. This kind 
power is often supplied by gel batteries or deep cycle batteries. While a car battery is designed 
to deliver a burst of energy for a short time, gel and deep cycle batteries provide power at a 
steady rate over a long period. 
Due to the long service life and highly durable design, gel batteries are the most common and 
at the top end of the high performance batteries. Standard gel batteries are very similar to deep 
cycle batteries as both are comprised of a gel-like electrolyte, sitting between lead plates. The 
standard gel system has a characteristic design making it ideal for aerospace industries where 
an upright orientation may not always be assumed. The fixed electrolyte system makes it non-
spilling and safe, efficient and durable regardless of its position. This sealed design also 
reduces the risk of electrolyte evaporation often encountered in traditional wet cell batteries 
and makes standard gel batteries highly resistant to vibration. It also decreases internal 
resistance, giving the battery higher charge and discharge capabilities. [32] 
Deep cycle batteries, although very similar in design and properties, have minor differences 
making them the preferred battery choice for high quality, large capitol aerospace 
applications. These particular systems are energy storage units in which a chemical reaction 
occurs, creating voltage and resulting in an electrical output. They are designed to be cycled 
(discharged and recharged) many times and depending on the type, whether it be flooded, 
AGM (absorbed glass mat) or lithium-ion, are made differently with differing applications in 
mind. [33] Both flooded and lithium-ion deep cycle batteries have a suspended electrolyte 
design with the inclusion of additional chemicals to change the electrical output quality and 
quantity from stronger and faster chemical reactions. AGM batteries however, differ slightly 
in their design, consisting of an acid suspended in a glass mat separator instead of an 
electrolyte.  
Both standard gel and deep cycle batteries are sealed lead acid batteries, meaning they share 
many of the same qualities and are often used for similar applications. Thanks to their non-
spillable construction, both can be transported safely and used in areas with little or no 
ventilation. When choosing between the two batteries, the internal construction difference is 
typically the deciding factor. While deep cycle batteries contain only enough liquid to keep 
their glass mats wet with electrolyte, gel batteries suspend the electrolytes in thick silica paste, 
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allowing electrons to flow between plates without leaking from the plate if the battery is 
broken. 
Standard gel batteries, although more than their deep cycle counterparts, will have lower 
operation and cycle abilities if incorrectly charged and cycled. Deep cycle batteries will also 
have a longer life-span due to the high discharge and recharge capabilities. [34] 
2.5 Composite Material Review 
Research in material enhancement is consistently developing. Whether it’s reducing the cost, 
increasing the fire performance or just generally creating a more robust system, one area 
which is taking on all these challenges is composite material design and manufacture.  As is 
indicated by the term, a composite material is different from the conventional macroscopically 
homogenous material. [35] 
Defined more broadly as a material containing strong continuous or discontinuous fibres 
embedded in a weaker matrix material, a composite is able to achieve a material property 
combination of both elements. These materials are typically heterogeneous and anisotropic 
and designed with their properties intended to match a specific application. The anisotropy 
nature however, means the specific value of each mechanical property depends on the 
direction of loading. In addition to this, the bonding between both the matrix and the fibres 
will also change the performance of the composite material. [36]  
The first element of composite materials is the fibres. These are typically several hundred 
individual filaments with a diameter in the scale of micrometres. Principal materials of Glass, 
Kevlar, Carbon, Boron, Silicon Carbide, Polyethylene or natural elements make up the bulk 
of commercially available fibres and depending on their length, are more broadly defined as 
short; less than one millimetre to one centimetre, or long fibres; greater than one centimetre in 
length. Composite materials are becoming more popular in many industries due to their 
exceptional properties and ability to out-perform some more generic materials. In particular, 
composite usage has been seen to rapidly grow in the areas of weaponry systems, aeronautical 
structures and automotive industries. 
In implementing a reinforcement element to the fibres to prepare them for fabrication, they 
are layered and composed in different configurations to achieve different properties. A uni-
dimensional fibre form, also known as a tow, yarn or tape is the simplest make-up. Bi-
dimensional forms, taking the shape of woven fabrics or mats, are an arrangement of tows, 
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typically placed in a 0-90-degree configuration. In most applications, multiple layers of bi-
dimensional fabric are laminated together and oriented to tailor the strength and stiffness 
required by the industry. Finally, multidimensional fabrics make up the bulk of the fibre 
fabrication used in industries. [37] These complex materials maximize the performance of the 
composite component by orientating the tows in specified directions. In some cases, 
multidimensional fibre forms are very hard to achieve using traditional fabrics oriented in 
plane. Over the last decade, multidimensional fibre forms have evolved and now include 
methods such as the braiding technique which has been adapted from textile industry to 
manufacture complex fabrics. Glass, carbon and Kevlar fibres or any combination of these 
fibres can be bi-axially or tri-axially braided into dry fibre perform, achieving a strong, robust 
fibre fabric.  
One important characteristic of this braided pre-form is its ability to provide through 
thickness reinforcement. Through thickness reinforcement is highly desirable property for 
composite material, because it can increase the inter-laminar strength. Higher inter-laminar 
strength will reduce the de-lamination and increase the damage tolerance. [38] 
The second constituent element of a composite is the matrix.  Whilst generally considered the 
continuous phase of the composite, the matrix allows the fibres to stay arranged in their 
geometric form, protects the fibres from external damage, contributes to some important 
mechanical properties such as electrical insulation and most importantly transmits the loads 
acting on the overall structure between the individual fibres. The matrix plays a minor role in 
the tensile load-carrying capacity of a composite structure since most of the load is taken up 
by fibres; however, the matrix has a major influence on the compressive, inter-laminar shear 
and in-plane shear properties of the composite material. Although the fibres provide the main 
strengthening mechanism for composite structures, the matrix and its properties generally 
control the manufacturing and processing of composite. 
Because the matrix provides this lateral support against the fibre buckling under compressive 
loading, it influences, to a large extent the compressive strength of the composite material. 
The interlaminar shear strength is an important design consideration for a structure under 
bending load, while in-plane shear strength is important under a torsional load.  [39] 
 In most cases, matrices are Polymeric, Mineral or Metallic. Polymeric matrices are the most 
popular in industry and are either a thermoset or thermoplastic resin base. The unique 
difference between these two materials is their molecular structures. Thermoset is formed by 
chemical linkage while thermoplastic is by physical linkage. The starting materials of 
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thermoset are small reactive molecules and B-stage resin that has very low viscosity. These 
monomers can react with each other to form a 3-D structure, also known as the cross-linking 
or curing reaction.[40] This reaction usually takes a couple of hours or even days, resulting in 
a highly cross-linked, three-dimensional molecular thermoset network which does not melt. 
The curing reaction is exothermic reaction; meaning it also gives up heat during the reaction. 
Thermosets have good thermal stability and chemical resistance and undergo less creep and 
stress relaxation in comparison to thermoplastics. Despite these advantages, they can only e 
stored for a very limited time, are brittle and have a long manufacturing process. The most 
widely used thermosets are seen in sporting, automotive, aerospace and defence applications 
and include Polyester, Polyvinl Ester, Epoxy, Phenolic and Bismaleimide resin. [41] 
Unlike a thermoset resin, the chemical reaction of thermoplastic is already completed before 
its use in composite manufacturing. Thermoplastics have long, threadlike molecules and this 
tangled relationship between the molecules will act as a physical linkage, giving 
thermoplastics their strength and stiffness. Based on the arrangement of molecular chains, 
thermoplastics can be classified into amorphous and semi-crystalline. One important property 
of thermoplastic is that these physical linkages can be destroyed when temperature is 
increased to a certain level. Generally, once a thermoplastic is heated beyond its soft or 
melting point, it will become a plastic liquid which can be deformed into any shape. When the 
temperature goes down however, they become solid again. This softening and hardening cycle 
of a thermoplastics very short, allowing them have a relatively short processing cycle time 
which could be achieved if a thermoset matrix was used. [42] Common thermoplastics 
include Polyproplene (PP), Polyamide (PA), Polyetherimide (PEI), Polyphenylene sulphide 
(PPS) and Polyether ether ketone (PEEK).  
Currently, the majority of aerospace structures are made from Aluminium and Steel.  The use 
of composites however is becoming more and more prevalent in this industry.  Carbon Epoxy 
is one composite material used in almost all upcoming composite manufacturing industries, 
including aerospace. Looking at Carbon Fibre in comparison to aluminium and steel it can be 
seen that the density is much lower, allowing for lightweight structures to be fabricated 
without compromising strength. Additionally, as can be seen in Table 1, Carbon Epoxy fibre 
has a much greater tensile strength and a comparable modulus of elasticity. The strong, stiff, 
high temperature tolerant and lightweight nature of the material makes them in ideal choice 
for application where lightweight and superior performance is important. In recent time, 
Carbon Epoxy components have been implemented into aeronautical structures, automotive 
designs, rail projects and high quality consumer products. 
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Table 1: Carbon Epoxy Composite Material Comparison [43] 
Carbon fibres are produced from polymer fibres such as polyacrylonitrile and form pitch. 
Initially, fibre material is drawn under tension whilst being simultaneously heated to 
approximately 1000 degrees causing the 2-D carbon-carbon or graphite crystals to form whilst 
driving out the hydrogen contained within.  Once this fibre has had the reinforcing resin 
matrix of epoxy imparted into or onto the carbon reinforcement these highly desired, high 
quality properties (Table 2) are permanent. Despite the high performance, it must be 
considered that a Carbon Epoxy combination is one of the most expensive fibre/resin 
combinations, and its usage is best suited for operation under a transversal mode loading and 
high-energy impact condition. Despite this high cost, the mechanical performance promoted 
by the rubber-toughened resin off-sets its high costs. [44] 
MATERIAL 
MODULUS OF 
ELASTICITY 
(GPa) 
TENSILE 
STRENGTH (MPa) 
DENSITY (g/cm
3
)
Carbon Fibre T700S 
(Epoxy Composite) 
120 2550 1.57 
Alloy Steel AISI 5130 205 1275 7.85 
Aluminium 7075-T6 71.7 570 2.81 
PROPERTIES FOR CARBON/EPOXY COMPOSITE 
Coefficient of Thermal Expansion (Longitudinal) 2.1 X 10
-6
 K
Coefficient of Thermal Expansion (Transverse) 2.1 X 10
-6
 K
Compressive Strength (Longitudinal) 570 MPa 
Compressive Strength (Transverse) 570 MPa 
Density 1.6 g/cm
-3
In-Plane Shear Modulus 5 GPa 
In-Plane Shear Strength 90 MPa 
Ultimate Compressive Strain (Longitudinal) 0.8% 
Ultimate Compressive Strain (Transverse) 0.8% 
Ultimate Shear Strain (In-plane) 1.8% 
Ultimate Tensile Strain (Longitudinal) 0.85% 
Ultimate Tensile Strain (Transverse) 0.85% 
Volume Fraction of Fibres 50% 
Young’s Modulus (Longitudinal) 70 GPa 
Young’s Modulus (Transverse) 70 GPa 
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Table 2: Carbon Epoxy Composite Material Properties [43] 
2.6 Literature Review Summary 
In summation, it is evolution which has allowed birds to become so efficient in their flight 
generation. Considerations of the shape of the wing, wing-area, wing span, body weight and 
the overall ability for the bird to propel through air are the major factors that are attributed to 
birds being able to create the required lift, thrust and overcome necessary drag. These factors 
are the ones which must be modelled to create an understanding of flight relationships and 
assist in making self-powered flight possible.  
Depending on the size and morphology, different species of birds will fly within different 
regimes and hence expend different amounts of energy during flight. Although both methods 
presented (Wing Beat Method and Oxygen Consumption Method) are appropriate for use in 
analysing the power required for avian flight, this report will mainly utilise the oxygen 
consumption approach with the application of a safety margin. 
There is a consistent urge in avian research for research which assists in the ability for 
modelling and possibly re-creating the flight of birds. Essentially for this to be possible, it 
would require an understanding of how all the major parameters described above relate to 
generating thrust and lift and furthermore, consolidating the quantity of power generation 
needed for specific flight regimes. Both topics have minimal specific research, however, data 
is available and with the correct assumptions, feasible conclusions can be drawn and possibly 
applied.  
In terms of generating the power required to generate avian flight, there are multiple forms of 
E-power available using the correct combination of motor and battery. Creating electrical
power with the use of a battery and motor package can be a very clean and quiet power 
source, with the added advantage that when well matched, these elements can be effectively 
used in many applications. 
Research into material advancements is constantly evolving as it is a cost effective way to 
improve the environmental contributions and achieve desirable mechanical properties. 
Composites in particular are taking the lead in this field with some performing as good as, if 
not better than conventional market materials such as steels, aluminium and rubbers. With 
correct investigation, testing and applications, these materials are highly sought after in 
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aerospace, automotive and defence application due to their ability to combine material 
properties of two differing elements.  
With the above conclusions considered, it can be seen that to achieve human flight, there are 
more factors to be considered than simply flapping wings. The following report will 
document the thought processes around each element of flight, material choice and power 
generation in order to justify the final designs and conclusions discussed in Chapter 8.  
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Chapter 3 
Bird Flight Mechanisms 
3.1 Flight Mechanism Modelling 
The characteristics of multiple birds were analysed in the initial stages of the project and from 
here they were categorised based on the predominate flight regime in which they operate.  
Considering the four main types of avian as either; birds of prey (speed diving flight), sea 
birds (gliding flight), toy birds (high frequency wing beat flight) and owls (combination of 
gliding and speed flight), their weights, wingspans, beak to tail length, wing areas and wing 
chord lengths were all documented and extrapolated into graphical results for the specific 
characteristic verses overall weight.  
After considering the realistic implications of the project and considering there is no take-off 
power requirements or defined flight time, it was determined the gliding flight regime was the 
most relevant for this project. The following data for gliding birds was created and presented 
to assist in obtaining the specifications for the Human Bird.  
1. Weight (kg) vs. Wingspan (m): Established a Specific Wingspan based on the weight of
the Human Bird.
2. Weight (kg) vs. Wing Area (m
2
): Determines the wing area of the human bird again
based on weight.
The two properties of wing area and wingspan were considered of highest importance as; 
a. The chord lengths are mathematically fixed once wing profile area and wing span have
been determined and,
b. Beak to Tail length can be neglected as it is only weight which comes into the above
relationships, not the height of the bird. If there is sufficient lift and thrust to keep the
overall weight in the air, the length is not relevant.
3.1.1 Numerical and Graphical Results 
From executed research and adherence to specific assumptions, it can be assumed that the 
average human height is considered the beak to tail length of the human bird. Furthermore, 
the overall weight of the human bird in kilograms is 120kg accounting for not only the weight 
of the human, but also the wing structure, the motor and any other safety critical features 
incorporated to reduce the risk of flying (parachute etc.). Additionally, the relationships for 
both wingspan and wing area to weight, must be linear. Exponential, power or logarithmic 
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relationship would eventually reach a plateau, creating an inaccurate representation of the 
relationships as an increase in weight would realistically lead to an increase in wingspan. 
Exerts of the generated graphs and data can be seen in the following figures and Appendix D. 
Figure 4: Wing Area Excel Spreadsheet Exert - from [27] 
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Figure 6: Linear Relationship to determine Wing Area 
3.1.2 Limitations and Errors 
The following assumptions needed to be considered when finalising the specifications for the 
Human Bird Wingspan and Wing Area.  
 The “Human Bird” is not required to take off: like a hang glider configuration, a ledge
or cliff will be used as a means of reaching flight altitude. This means no wing stroke
frequency changes are needed.
 The “Human Bird” will glide with minimal or low amplitude stroked flapping as to
conserve energy and reduce the power required to fly.
 Small birds (hummingbirds) and flightless birds (emus) do not need to be modelled in
the characteristic to weight relationship graphs.
 Worst Case Scenario must be employed in all cases.
 There is no defined limit on weight of the structure apart from that which is logically
appropriate.
 A linear relationship between wingspan and weight and wing-area and weight must be
implemented.
These limitations meant there was minimal room for compromise in terms of the structural 
make-up and data analysis. All mathematical results, although conducted multiple times to 
ensure accuracy, are a possible source of error and may lead to mistakes in final data. All 
limitations have been considered and factored into the results using engineering decision 
making tools and safety margins.  
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3.2 Flight Mechanism Summary of Findings 
From the mathematical relationships found using the graphs and the established values for 
weight, a single wingspan of 13.25m and wing area of 10.7m
2
 were concluded. The fact that
each wing has such an extensive span is a real issue. Considerations must be made as to how 
the wing suit will be transported, as an overall wingspan greater than 20m is not easily 
manipulated into cars fully assembled. Therefore, it has been decided that prior to, and post 
flying, a disassembly procedure would be performed, folding each wing into the central body 
of the suit in a concertina fashion. This may cause the wing life to be reduced due to damage 
inflicted on the wings during construction and disassembly, however, it would make the 
wings easily transportable and therefore, more likely to be used for a recreational purpose. 
There is room for further possible research into how to reduce the overall wingspan possibly 
by formulating a stacked (double-decker) wing or increasing the chord of the wing in order to 
achieve the same wing area. 
 Additionally, the length to chord ratio of the wing is very high (approximately 13:1), due to 
the fact that is data has been modelled using gliding birds. Utilising smaller birds, such as the 
magpie or faster birds, such as the eagle, the wingspan will reduce and the chord will increase, 
giving an approximate length to width ratio of about 6:1. The type of flight aiming to be 
achieved currently is simply a gliding regime, hence this data has been favoured over other 
avian data.  
Utilising the above data for span and area and assuming a wing thickness of fifteen 
centimetres, the total wing structure volume was calculated to be approximately 3.2m
3
.
Considering this, a further study was conducted into the performance of the wings if they 
were hollow and filled with a light gas to generate extra lift for the overall structure. The 
average force generated through filling the wings with the lightest gas possible; hydrogen, 
provided the structure with an additional 3kg of lift capacity. As hydrogen is highly 
flammable, decisions were made that the risks surrounding use of this gas would far outweigh 
any benefits it would provide. Helium was then investigated, returning a total additional lift 
capacity of about 1kg less than that given by the hydrogen filled wigs (2.17kg of lift). 
Although beneficial, it was deemed the cost of purchasing the helium and effort required to 
fill the wings with the gas outweighed any benefits of implementing the balloon wings.   
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Chapter 4 
Avian Gliding Power Requirements 
4.1 Power Generation  
Journal articles provided data for the average energy expenditure or mechanical power output 
for Magpies (Pennycuick, 1997) and Albatross’(Dial, 2008) in Watts/Kilogram. As has been 
specified, the flight regime of the ‘human bird’ is to be that of a gliding flight, similar to that 
exhibited by an albatross. Analysing the data for both types of birds and favouring the results 
presented in the albatross power consumption data, a power requirement was established for 
the “human bird” to be 6 Watts/Kilogram after the application of a safety factor. 
Due to the small sample size, further research was conducted based on the metabolic power of 
birds as this data is more readily available and researched. As was stated in the introduction, 
metabolic power is defined as a direct measure of the required amount of energy, per unit of 
time, to reconstitute the actual consumed oxygen utilised in achieving the work performance 
(Poser, 2009). In this regard, avian metabolic power is a measure of the energy used by the 
flight muscles, specifically the pectorals, to produce the required amount of oxygen needed to 
power the heart for a given time period. Similarly, mechanical power in regards to bird flight 
is considered as a measure of the force produced by the rate of motion of flight muscles, 
again, focusing on the pectorals. 
Again, since the beating of the wings of the human bird is controlled by a battery and motor 
pack, specific pectoral muscle power is not used to generate lift. For this reason, human 
metabolic power and heart rate has no effect on the performance of the flight of the human 
bird. Furthermore, assuming a constant value of energy expenditure for all gliding creatures, 
creating a model for the mechanical power in watts/kilogram based on the data for metabolic 
power in watts/kilogram returns some sceptical results and highly inaccurate values for the 
power to weight ratios.  
Crandall and Tobalske (2017) conducted research into the link between the oxygen 
consumption of birds based on their active heart rate to the overall mechanical power output 
when in their predominate flight regime. The Journal Publication “Biomechanics of Bird 
Flight” released earlier this year, analysed several different birds and their daily energy 
expenditure in watts/kilogram. Using this research and analysing the data, it was possible to 
determine a constant value for the overall energy expenditure of gliding birds. 
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4.1.1 Numerical and Graphical Relationships 
The data presented by Crandall and Tobalske in “Biomechanics of Bird Flight” (2017) 
returned some similarities between the data generated using the initial for Magpies 
(Pennycuick, 1997) and Albatross’(Dial, 2008) results. Typically, the larger birds such as the 
Albatross and Gull, which exhibit mainly gliding flight matched the mathematical relationship 
from Magpie and Albatross papers, however, Owls and other mixed flight regime birds were 
underestimating the power requirement by approximately 3 watts/kilograms.  
Using the data from Crandall and Tobalske, 2.67 watts/kilogram was determined as the 
constant value for the overall energy expenditure of gliding birds. Due to the data 
discrepancies between the two sources, and the fact that there is limited research in the public 
domain regarding the mechanical power requirements of birds during flight, a safety factor of 
3 watts/kilograms has been implemented.  
After application of the safety margin, the overall energy expenditure of the human bird is 
assumed to be approximately 6 Watts/Kilogram. A collated exert of the data collected and 
analysed from both sources can be seen in the below figures. Furthermore, Appendix E 
depicts all data collected and analysed for power consumption in birds. 
Figure 7: Data analysis to determine Power Consumption (W/kg) during gliding flight  
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Figure 8: Data Plot of Power Consumption during gliding flight  
4.1.3 Limitations and Discussion 
The following assumptions needed to be considered when finalising the power requirement 
value for the “Human Bird”. 
 The “Human Bird” will glide with minimal or low amplitude stroked flapping as to
conserve energy and reduce the power required for flight.
 Propulsion and Lift power is provided by a motor and battery connected to the wing
suit either structurally or tethered. This means the human heart and metabolic rate is
not a consideration into the flight capability of the “Human Bird”.
 Once calculations and data has been analysed, the worst-case scenario is taken in order
to apply a safety margin.
 There are no defined limits on the range achieved, endurance or weight of the structure
apart from that which is logically appropriate.
 The power expenditure (W/kg) is assumed constant for all gliding birds.
It must also be considered that there is minimal data available in the public domain in regards 
to the mechanical power exhibited by birds during the differing flight regimens. These 
limitations and considerations mean there are many possible sources of error when calculating 
the power requirements. All mathematical results, although conducted multiple times to 
ensure accuracy, are an additional source of error and may lead to mistakes in final data. All 
limitations have been considered and factored into the results using engineering decision 
making tools and safety margins. 
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4.2 Power Requirement Summary of Findings 
Using the collated data from the sources mentioned in Chapter 4, an overall energy 
expenditure for the human bird has been calculated at 6 Watts/Kilogram. With this 
requirement, it has been assumed to save cost, a mechanical motor capable of providing 
between 5-10 Watts/kilogram would be appropriate. Further research into this topic will 
discussed in Chapter 5. 
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Chapter 5 
Electrical and Motor Systems 
5.1 Motor Requirements and Selection  
All power system choices begin with the selection of the working motor. This is where all the 
power is generated, performance is determined and the type of set-up needed for operational 
ability is established. From Chapter 4, a total power requirement of 6 Watts/kilogram is 
needed to power the flight of the “Human Bird”. The following requirements were recognised 
as the key parameters in selecting an appropriate motor. 
1. As the motor is connected to the wingsuit and therefore included in the overall weight
of the structure, it must be lightweight.
2. As the “Human Bird” fixes a human in a suit and allows them to fly ideally, there is a
high risk of human injury if the motor is to fail or not produce the required energy.
Therefore, the motor must be high performing and high quality.
3. The motor MUST produce a minimum of 6 watts/kilograms of power.
4. Again, due to the placement of the motor, there is a need for minimal backlash and
vibration as this would make the flight uncomfortable.
5. As the “Human Bird” launches from a standing start of some form of ledge or cliff, the
motor must be able to achieve quick acceleration and start-up in order to maintain
flight altitude once it has been established.
6. Some motors provide reduced performance if operating outside their temperature
range. Since flight testing would be in Brisbane Australia where the average yearly
temperature is approximately 25 degrees, the motor must be able to operate in a plus
or minus five-degree temperature range of this.
With the above criteria in place, research was conducted into the types of motors able to 
provide all the requirements listed. Matrix Series motors are often used in applications where 
there is a requirement for high power density and rapid initiation. The designs of these 
engines have been optimised to minimise the required input whilst still achieving maximum 
efficiency utilising high energy rare earth magnets and dense slot fills. This configuration was 
found to provide the highest performance per volume and minimises the motor input due to 
the compact size and nature of the structure.  
Matrix motors are also supplied as direct drive stators, with a frameless design connected 
directly to the load cell. This will eliminate reverberations from the operation of the motor 
and ensure any vibrations are minimised.  
40 
After the above research was conducted, an analysis was conducted on the two highest 
performance category matrix batteries in the commercial market. An exert of the properties of 
the DB-4000 and 1500 series batteries can be seen below.  
The 4000 series batteries deliver the required power output and the DB-4000-B-1ES has been 
selected due to the 4.65 W/kg safety margin, lightweight structure, superior performance and 
high quality power output it would provide to the “Human Bird”.  
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Figure 9: Matrix Motor Comparison Data  
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5.2 Battery Requirements and Selection 
The second part of the power system is the battery. From the section of the motor, it is known 
that the battery must supply a continuous ampere pull of 30.1 Amps. Again, Chapter 4 defines 
a total power requirement of 6 Watts/kilogram to power the flight of the “Human Bird”. The 
following requirements were recognised as the key parameters in selecting an appropriate 
battery to compliment the selected motor. 
1. The battery is to be tethered to the structure from a fixed point, hence weight is not a
consideration.
2. The battery must be fully sealed, able to operate in any orientation and require
minimal maintenance.
3. The “Human Bird” is still in the initial design phases, hence it is assumed that it will
not be used continually, so the battery must have good discharge/recharge
capabilities and long shelf life.
4. The selected battery must exhibit a sturdy design and able to resist impact well.
5. Batteries, like motors, can also be effected by temperature. Since flight testing would
be in Brisbane Australia where the average yearly temperature is approximately 25
degrees, the motor must be able to operate in a plus or minus five-degree
temperature range of this.
With the above criteria in place, research was conducted into the types of batteries able to 
provide all the requirements listed. Chapter 2, Literature Review, discusses the different types 
of batteries; in particular, deep cycle batteries and standard gel batteries. A deep cycle gel 
battery system has been selected as they are constructed tough in order to reduce maintenance. 
They also have long life capabilities and are designed to be discharged and recharged multiple 
times. Utilising tough internal lead components, meaning the structure is not necessarily light, 
the advanced technological features give long lasting reliable power.  
Century Deep Cycle batteries were assessed and using the material data sheets, a C12-75DA 
(12V75Ah) was selected. Weighing in at 23.5kg, the battery is able to discharge 1336W for a 
15-minute period at 10.5 volts. This gives approximately 11 Watts/Kilograms of supply to the
motor for a 120kg wingsuit; exceeding the power requirement of not only the motor, but also 
the “Human Bird”.  
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5.3 Electrical and Motor System Discussion 
For the most people, E-power is a sort of mystery, however with tailored research and the 
correct battery-motor combination, it can produce very quiet, clean power. The matching of 
the DB-4000 Motor and the C12-75DA Battery Pack will provide efficient power to the 
“Human Bird” and allow self-propelled flight to be achieved.  Of course, there are positives 
and negatives of both systems;  
The 4000 Series Matrix motor is light and has specially designed speed and rotational control 
systems. There are also gimbals for inertial navigation, stabilised gun and fire control systems 
and a large range of operation speeds. Their quiet operation and long life capacity make them 
ideal for applications where motor replacement is not possible or viable.  They do however 
reduce performance capabilities if operating too far out of their ideal temperature range and if 
not installed properly, may have vibrational issues.  
The Century Deep Cycle Battery is totally maintenance free, air transportable and corrosion 
resistant. It will operate in any orientation and is completely leak and spill proof. The rugged 
vibrational resistance paired with the long shelf life and high recharge/discharge capabilities 
make them ideal for rural applications or intermittent usage. There is a high capital outlay to 
acquire one of these batteries and the lead interior makes them a heavy component.  
After careful consideration of the pros and cons of each of the systems, it has been determined 
that all negatives can be overcome with correct monitoring and careful design.  
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Chapter 6 
Lightweight Materials 
6.1 Material Overview  
With the area of composite materials continually growing, selecting the material to be used as 
the predominate composite for the internal structural elements of the “Human Bird” wingsuit 
needed to be specific and well defined. Composite materials are produced by combining a 
reinforcing fibre with a resin matrix system such as Epoxy, Polyester and Polyvinyl Ester. 
The specific combination of fibre and resin provide characteristics superior to either of the 
individual materials. Composite materials are becoming increasingly popular due to the push 
to create structures which are lighter, have faster manufacturing or are more environmentally 
friendly. In a composite material, it is the fibre that carries majority of the load and is often 
considered the major contributor to the composite material in terms of its properties. The resin 
matrix is however, equally as important as it transfers the loads between the fibres, preventing 
them from buckling and binding the final material together. The thickness, properties and 
price of a composite material will alter depending on the layup, pattern and strength provided 
by the configuration. The composite material, once processed and finished, typically exhibits 
one glossy, resin rich sides and a rougher side detailing the weave. (Peris, 2014) 
In the initial stages of Stage 2 Project Execution it was decided that the skeleton composite 
material was to be a Carbon Fibre Epoxy Resin, with a stretched sail material forming the 
“wing” of the suit. Carbon fibre reinforced composites have mechanical properties rivalling 
that of some structural steels and aluminium (Table 2). They offer a strong, stiff and 
lightweight material that is ideal for aerospace applications.  
6.2 Material Selection Criteria 
The following requirements were recognised as the key parameters in identifying whether a 
Caron Fibre Epoxy Resin composite material is the correct selection for the internal structure 
of the w “Human Bird” wingsuit. 
1. The wingsuit is the major contributor to the external weight of the structure. Since the
overall weight is 120kg and this is including the weight of a human, the material must
be lightweight.
2. Flying in the air, there is possibility for contact with other structures, animals or flying
craft (hang-gliders etc.). Additionally, transport would most likely be in a car and the
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large nature of the wingsuit lends itself to possible contact with external elements.  For 
this reason, the structure must be strong and sturdy.  
3. Operation would most likely be in an Australian climate, where in summer heat can be
a major factor. It is ideal to have high heat resistance to ensure no buckling or
warping occurs.
With the above criteria in place, research was conducted to assess whether Carbon Epoxy was 
the right composite for the skeletal fabrication. The carbon element provides the structure 
with high stiffness and high tensile strength. These fibres are also lightweight, chemical 
resistant and have a high temperature tolerance, meaning they can operate in many 
environments and are not limited by thermal expansion or other heat based issues. The epoxy 
resin has excellent mechanical strength, chemical and heat resistance, adhesive strength and 
low curing contraction. The combination of these two elements result in a high quality, 
lightweight composite material with exceptional mechanical properties that is easily applied 
in a wide range of engineering applications and easily fulfils the selection criteria.   
6.4 Material Selection Conclusion 
Carbon Epoxy has been chosen as the predominate material for fabrication of the rigid 
internal structure of the “Human Bird” wingsuit (rods, stringers, ribs etc.). The carbon-carbon 
chains created from high temperature drawing are completely free from hydrogen and other 
impurities giving the material extremely strong molecular bonds, resulting in the high strength 
element. Carbon Fibre Australia (Gay, 2015) lists a 0.25m long, 10mm diameter Carbon 
Epoxy rod to weigh approximately 442grams. Assuming there are 10 chord ribs and 5 length 
stringers on each wing, the weight of the rigid internal structure would be about 32kg. Similar 
to a hang-glider, these ribs and stringers would have a sail cloth stretched over them to 
provide the wing lift. A woven polyester fabric has been chosen as the sail cloth material due 
to their lightweight nature, elasticity and high durability. This material is formed by a tight 
weave of thin polyester fibres, stabilised by a hot-press impregnation of a polyester resin, 
providing dimensional stability. This material is very popular in the gliding industry as there 
is no preferential or bias stretch, meaning it will maintain its aerodynamic shape despite 
varying wind and structural loading. An approximate weight of 1.5kg per wing sail cloth has 
been assumed.  
The price of a Carbon Epoxy sheet is much higher than most composites however, with the 
obvious mechanical property advantages exhibited by the material, the cost of fabrication has 
not been considered as a key parameter is selecting the predominate wingsuit material.  
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Chapter 7 
Research Methodology 
6.1 Initial Project Execution Plan 
The aim of this project is to conduct a deep-dive investigation into the feasibility of humans 
flying like birds using current technology. Initially the work scope of the Thesis was broken 
down into two specific packages, with one to be completed per semester. Part one involved 
analysing bird flight to define a specific set of requirements for the size, weight, wingspan and 
wing area of the “Human Bird”. As can be seen in the assumptions, the predominate flight 
mode of the “human bird” is to be that of a gliding regime, hence bird analysis focuses mainly 
on large gliding birds.  Once the above specifications have been established using collected 
data and available literature, then an interim report was produced explaining the plan, process 
and actions taken in the first part of the project to come up with initial specifications.  
Part two of the Thesis involves finding sources of power and the construction material for the 
“human bird”. An investigation was also conducted into whether there was any benefit in 
having structurally hollow wings and filling them with helium to assist in the lifting 
capabilities of the wing suit. It was established that for the volume of the wings and the price 
of the helium needed to fill these wings, there was no benefit in following on with this 
concept.  
As can be seen in Chapter 1, Project Scope and Assumptions, the ability for humans to 
provide their own means of lift through flapping motion is considered unreasonable due to the 
power that would need to be physically generated to achieve this. Furthermore, the addition of 
a motor to the wing suit with matching battery pack tethered would be the primary source of 
power, enabling not only the human bird to initiate flight, but also hold a steady glide for an 
undefined period.  
Also, mentioned in Project Scope and Assumptions is the material selection of a Carbon 
Epoxy suit. Research into this composite, the benefits, disadvantages and current market 
applications was also investigated in order to determine if the price, properties and 
performance of this composite material was suitable to be the predominate structural material 
used for the “human bird”.  
Finally, once all investigation and research tasks have been completed, final specifications 
will be defined in the form of a paper detailing all aspects of the decision-making process and 
furthermore, an answer to the feasibility study topical question.  
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6.2 Final Project Execution Plan 
Detailed in Appendix C is an up to date project work scope and Gantt Chart which was 
followed and modified throughout the duration of the project. Essentially, the following steps 
were taken in order to achieve the desired outcomes.  
1. Analyse the flight of different birds and categories them accordingly into what type of
flight regime they predominantly operate under. As has been defined previously, the
chosen flight regime for the Human Bird is that of a gliding configuration.
2. Using graphical means, plot the weight to wingspan ratios of several gliding bird
species to obtain a mathematical relationship or trend which can be used to find the
wingspan of a 120kg human bird.
3. Repeat the above graphical method for wing area to weight and power generated in
watts to weight, to obtain similar specifications for the 120kg human bird.
4. Monitor and track the average thickness of the bird wings to see if assumptions made
for the current thickness of 15cm can be extrapolated accurately to match avian wing
thickness relationships.
5. Create an initial model for the Human Bird.
6. Research lightweight, strong composite materials commercially available which would
be suitable to provide the weight, thickness and chord needed without deviating from
specifications set in Step 5.
7. Investigate the lift generated by creating “balloon wings” filled with helium and
determine if this is a feasible inclusion to the overall structure.
8. Research battery and motor combinations capable of generating the required power to
allow the “human bird” to fly.
9. Discuss and analyse current technology and what improvements can be made to the
initial model to make achieving self-generated flight sooner.
10. Conclude the project through the deliverance of a major discussion essentially
determining whether the “human bird” is a feasible idea. Depending on the outcomes
obtained throughout the project; the feasibility, achievability, improvements needed
and any other substantial scientific contributions for human bird flight will be
presented using the data and research collected and conducted in throughout the
duration of the project.
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Upon conclusion and marking of this Thesis, a decision will be made by Doctor Luigi Vandi 
and colleagues as to whether continuation and possible fabrication of the data and results 
which have been presented will be conducted.  
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Chapter 8 
8.1 Final Specifications 
HUMAN BIRD SPECIFICATIONS 
Total Maximum Weight 120kg 
Motor Weight ≈ 6 kg 
Structural Weight ≈ 35kg 
Wingspan (per Wing) 13.25m 
Wing Thickness (per Wing) 0.15m 
Wing Chord (per Wing) 0.807m 
Wing Area (per Wing) 10.7m
2
Wing Volume (per Wing) 3.21m
3
Power Required 6 Watts/kg 
Battery Type Century AGM Deep Cycle Battery C12-75DA 
Motor Type DB-4000-B-1ES 
Predominate Structural Material Carbon Epoxy Composite 
Maximum Flight Time 14minutes (1 minute each for take-off and 
landing) 
Table 3: Final Specifications 
8.2 Conclusions and Recommendations 
8.2.1 Statement of Achievement of Aim 
This sub-section will begin with a restatement of the Thesis aims and objectives needing to be 
completed to determine whether the project was a success.  To realise the deliverable, the aim 
has been divided into the following five objectives.  
1. Assess the flight of birds and establish which type of flight is most feasible for
humans.
2. Compare humans and birds and determine whether self-powered flight is achievable in
the near future.
3. Obtain a solid understanding as to the current technology and material advancements
being made in the aeronautical field and how these can be applied in varying
scenarios.
4. Better appreciate novel materials and power generation technology in terms of what
has been achieved so far in the flight scene and what there is to come.
5. Establish improvements or technological advancements needed to enable self-powered
flight or the “Human Bird” to be commercially available as soon as possible.
Through in depth research, mathematical modelling, bulk figure calculations and the 
deliverance of a feasibility study, the first, second and fifth aims were fulfilled. Considering 
50 
the conclusions reached after the application of assumptions, this study presents a satisfactory 
conclusion that one day the “Human Bird” may be available for fabrication and recreational 
use.  
Furthermore, statement three and four are more aimed in self-growth and understanding of the 
concepts surrounding the project. After the conclusion of this Thesis, understanding the detail 
needed to go into the design and conceptualisation of such an innovative idea has certainly 
been embedded into my personal knowledge.  
8.2.2 Feasibility Discussion 
After a consideration into the realistic nature of the wing-suit in terms of size, researched 
contributing factors and understanding the broad assumptions made, the result is that 
according to this study the “Human Bird” is a potential project that may be feasible in the near 
future.  
Currently restrictions have been placed on the weight of the human, time of flight and type of 
flight, however no testing has been done to conclusively say whether the specifications 
outlined in section 8.1 will or will not work.  
Trusting the calculations conducted and adhering to strict assumptions placed on the project in 
the initiation phase, the presented “Human Bird” detailed in Section 8.1 is considered to fulfil 
the aims and outcome of this feasibility study.  
8.2.3 Recommendations for Further Research, Improvements and Publication 
It is anticipated that the current body of work will in the future, result in a publication. Doctor 
Luigi Vandi and his colleagues have been working closely with composite materials and the 
development and enhancement of these. As the wing suit structure has a composite material 
skeleton, the findings which his team of researchers are making can be published alongside 
the presented data in order to justify the material selection and possibly, will lead to further 
investigations into composite material designs.  
Collectively, the findings of this feasibility study along with the data from Dr Juan Torres and 
his thesis students, could be presented in a journal article, describing the ability to achieve 
self-powered human flight and a description of simulated results. This body of work would 
lend itself to publication as there is little to no research or knowledge publicly available 
regarding the ability for humans to one-day fly on their own accord.  
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Despite expected publications, several recommendations can also be made for improvements 
and further research into the topics discussed in the above body of work. Firstly, a cost 
analysis could be performed as to determine the overall costing of the “Human Bird” and 
whether it would be a feasible recreational activity or whether its application should be used 
for more stealth operations, such as drone or public monitoring.  Additionally, with composite 
material research ever-evolving, in the near future there may present a structural material with 
properties exceeding that of the Carbon Epoxy. This opportunity could be taken on by another 
thesis student within the Composite Material and Manufacturing domain to possibly fabricate 
a completely new composite material to be used as the internal structural component of the 
wing suit.  
In conjunction to the above-mentioned recommendations, there is also an opportunity for in 
depth modelling to be conducted on the final specifications mentioned in this Thesis to 
conclusively determine whether the calculations, assumptions and results would return a 
working “human bird” model.  
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Appendix A: Example Journal Article 
Journal Publication Example 
With research into lightweight material, aeronautical improvements and technological 
advancements consistently evolving, there is a possibility that the data presented in this thesis 
will be replicated and published in a scientific journal. Dr Luigi. Vandi in collaboration with 
Dr. Juan Pablo Torres and students in the Mechanical Engineering faculty at UQ, have 
gathered data and reached conclusions as to where improvements are needed and possibilities 
are viable in terms of achieving self-powered human flight. Collectively, the results presented 
in the related thesis projects along with current advancements being investigated by Dr. Luigi 
Vandi and his team of researchers at the CRC for Advanced Composite Structures in regards 
to material improvements will be presented in the form of a journal article. The combined 
bodies of work are ideal for publication as there is minimal to no knowledge of the 
advancements and possibilities in this area. The following short journal section outline is an 
exert of a possible draft presented to the public domain regarding the findings made in this 
thesis. 
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Appendix B: Risk Analysis 
The following information has been adapted from the Origin Energy Risk Rating Toolkit.  This 
includes mitigation strategies and a risk matrix which can be implemented in order to prevent 
hazardous events from occurring.  
(http://source.originenergy.com.au /RiskToolKitMatrix.pdf) 
A2.1 Implementation Strategy 
There are two specific hazard probabilities definitions, either qualitative or quantitative. If considered 
qualitative, limited information or data is available on the occurrence of this risk happening during the 
lifetime of previously executed projects. Quantative measures however, are defined by numerical 
information and typically have information related to the specific items, their failure data and where 
such risks would be expected. 
Table B1: Risk Assessment Process  
A2.2 Control Assessment Ratings 
Hazards have been classified using engineering judgement and analysis in terms of the project 
outcomes and the overall aims of the Thesis. The defined control assessment ratings 
determine how effective the management strategies put in place will work. Further analysis 
leads to a Risk Treatment and Assessment Criteria, where risks will be qualitatively measured 
by the worst credible mishap resulting from possible environmental conditions, wing design 
inadequacies, execution procedural deficiencies or systems, calculation error and/or general 
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human error. The hazard severity level will be determined by a combination of hazard 
consequences and overall project effect. 
RATING EXPLANATION 
Effective  All controls are well designed and address the root causes of the
risk.
 All controls operate at the required level.
 Ongoing monitoring required.
Possible 
Improvement 
 Majority of controls are well designed and address the root causes
of the risk.
 Majority of controls operate at the required level.
 Improvement to certain controls is possible.
 Requires ongoing monitoring.
Needs Improvement  Majority of controls are not well designed and do not address the
root causes of the risks.
 Majority of controls do not operate at the required level.
 Majority of controls require improvement.
Table B2: Control Assessment Ratings  
Table B3: Risk Treatment and Assessment Criteria  
A2.3 Hazard Risk Matrix 
This is the grading system which is applicable for the Risk management. Table 4 details the combined 
effects of the probability and severity while Table 5 shows the risk assessment conducted in regards to 
the possible hazards which can arise during the life of the project. 
LEVEL OF RISK ACTION REQUIRED 
VERY HIGH Risk treatment must be in place and this must be reviewed continually 
throughout the life of the project.  
HIGH Risk treatment must be considered and prioritised, reviewed 
continually throughout the project.  
MEDIUM Risk treatment is in place and considered, some monitoring is required 
throughout the life of the project as the problem is assumed to rise.  
LOW No substantial risk treatment is required and review is only required if 
it is deemed necessary,  
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Table B4: Risk Matrix 
PROJECT PERSON REMOTE HIGHLY UNLIKELY UNLIKELY POSSIBLE LIKELY CERTAIN 
C
O
N
S
E
Q
U
E
N
C
E
 
C
A
T
A
S
T
R
O
P
H
IC
 -Results in failure and
non-completion of the
Thesis.
-Reputation of supervisor
and research is severely
compromised.
-Personal permanent damage
can arise.
-Inability to finish University
studies due to the lack of
personal achievement.
C
A
T
A
S
T
R
O
P
H
IC
 
HIGH HIGH VERY HIGH VERY HIGH VERY HIGH VERY HIGH 
C
R
IT
IC
A
L
 -Results in minimal
incorrect data being
presented in an academic
paper.
-Reputation of supervisor
and research is
questioned.
-Personal harm is a very real
possibility and possibly
damage to external parties and
their results.
-Possible inability to graduate
due to presented work. C
R
IT
IC
A
L
 
MEDIUM MEDIUM HIGH VERY HIGH VERY HIGH VERY HIGH 
M
A
JO
R
 -Presented data has some
incorrect conclusions and
minimal useful evidence.
-Reputation of supervisor
and research is valid.
-Injury or personal damage is
present.
-Meeting with external parties
will determine the fate of the
students University results. M
A
JO
R
 
MEDIUM MEDIUM MEDIUM HIGH VERY HIGH VERY HIGH 
S
E
R
IO
U
S
 -Data is presented in the
correct form with errors.
-Reputation of supervisor
and research is slightly
diminished by this.
-Personal harm and damage
could occur depending on
outcomes of particular
hazards.
-University results are
satisfactory
S
E
R
IO
U
S
 
LOW MEDIUM MEDIUM MEDIUM HIGH HIGH 
M
O
D
E
R
A
T
E
 -Data presented is correct
however there is room
for improvement.
-Reputation of supervisor
and associated research
is not greatly affected by
this result.
-Personal harm must be
considered and monitored
however does not greatly
affect the project outcomes.
- University results achieve
required outcomes.
M
O
D
E
R
A
T
E
 
LOW LOW MEDIUM MEDIUM MEDIUM MEDIUM 
M
IN
O
R
 -Data presented is correct
and in a form which is
suitable to all parties.
-Supervisor and research
reputation is bettered.
-Personal harm is risk
assessed however no strategy
is in place.
-University results exceed that
of which required/expected. M
IN
O
R
 
LOW LOW LOW MEDIUM MEDIUM MEDIUM 
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Table B5: Risk Assessment
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Appendix C: Organisational Maintenance 
The following table and Gantt Chart were analysed, reviewed and followed throughout the 
duration of the project to ensure a high quality, on time and accurate thesis was delivered.  
Table C1: Work Breakdown Structure 
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Table C2: Gantt Chart 
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Appendix D: Wingspan and Wing Area Data 
Wingspan (Tip to Tip) 
69 
Wing Area (Single Wing) 
70 
Appendix E: Power Consumption Data 
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